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Edited by David LambethAbstract The resistance of secreted cysteine cathepsins to per-
oxide inactivation was evaluated using as model THP-1 cells.
Diﬀerentiated cells released mostly cathepsin B, but also cathep-
sins H, K, and L, with a maximum of endopeptidase activity at
day 6. Addition of non-cytotoxic concentrations of H2O2 did not
aﬀect mRNA expression levels and activity of cathepsins, while
the catalase activity remained also unchanged, consistently with
RT-PCR analysis. Conversely inhibition of extracellular cata-
lase led to a striking inactivation of secreted cysteine cathepsins
by H2O2. This report suggests that catalase may participate in
the protection of extracellular cysteine proteases against perox-
idation.
 2008 Federation of European Biochemical Societies.
Published by Elsevier B.V. All rights reserved.
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doi:10.1016/j.febslet.2008.03.007sponses, including secretion of proinﬂammatory cytokines
and release of cytotoxic reactive oxygen species (ROS) [1].
H2O2, which is a potent marker of oxidative stress [2], pro-
motes tissue injuries and elevated concentrations may induce
death of phagocytic cells [3–5]. Nevertheless human macro-
phages can survive to exposure to oxidants, as a result of the
presence of glutathione peroxidase or catalase, which is
primarily localized in the peroxisome [6].
During inﬂammations, oxidant–antioxidant and protease–
antiprotease systems are altered, and together participate in
remodeling of extra cellular matrix (ECM) components [7].
Among these proteases, cysteine cathepsins (CPs) are located
mainly within the acidic compartments of cells, but are also
found extracellularly as soluble enzymes or bound to the plas-
ma membrane [8]. In addition to their basic maintenance du-
ties (intracellular protein degradation and turnover), CPs
fulﬁll speciﬁc functions in a variety of biological and
pathophysiological processes, including MHC-II antigen pre-
sentation, prohormone processing, tumor invasion, or osteo-
porosis (see for review [9,10]). Moreover remodeling and
degradation of constitutive elements of the ECM, the base-
ment membrane and elastin ﬁbers depends on their potent col-
lagenolytic and elastinolytic activities besides serine proteases
and MMPs [11,12].
However a relatively weak attention has been given so far
to the role of oxidants to control enzymatic activities of
cathepsins [13,14]. Nucleophilic active site cysteine is a key
residue of enzyme function and is highly sensitive to oxida-
tive reagents [15]. Accordingly inactivation of cysteine
cathepsins by H2O2 is time- and dose-dependent [16] as re-
ported for caspases and papain [17,18]. Nevertheless active
CPs were found in bronchoalveolar lavage ﬂuids (BALFs)
from patients suﬀering of acute and chronic inﬂammations
(see for review [19,20]) in spite of an unfavorable oxidizing
environment. To tentatively understand these apparently
contrasting observations we have used as model a myelo-
monocytic cell line (THP-1 cells) [21] to assess the presence
of an extra cellular anti-oxidant system able to counterbal-
ance deleterious eﬀects of exogenous H2O2 and to provide
some protection to thiol-dependent proteases. Extra cellular
activities of CPs and catalase were examined in the presence
or not of non-cytotoxic concentrations of H2O2. Finally the
ability of catalase to protect secreted cysteine cathepsins
from peroxidation was considered in the presence of catalase
inhibitors.blished by Elsevier B.V. All rights reserved.
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2.1. Enzymes and reagents
DL-Dithiothreitol (DTT) came from Bachem (Weil am Rhein, Ger-
many). H2O2, L-3-carboxy-trans-2.3-epoxypropionyl-leucylamido-(4-
guanidino) butane (E-64), N-(L-3-trans-propylcarbamoyl oxirane-2-
carbonyl)-L-isoleucyl-L-proline (CA-074), phenylmethylsulfonyl
ﬂuoride (PMSF), pepstatin A, 3-AT, KCN, EDTA and methylmethan-
ethiosulfonate (MMTS) were from Sigma–Aldrich (Saint-Quentin Fal-
lavier, France). Cathepsin K was kindly provided by Dr. Dieter
Bro¨mme (University of British Columbia, Vancouver, Canada).
Cathepsins B and L were supplied by Calbiochem (VWR International,
Libourne, France). Z-Phe-Arg-AMC and Z-Arg-Arg-AMC were
purchased from Bachem. All other reagents were of analytical grade.
2.2. Cell culture
Human THP-1 cells (LGC Promochem, Molsheim, France) were
subcultured and maintained in suspension, at 37 C, in 5% CO2, with
RPMI-1640 Glutamax I (Invitrogen, Cergy-Pontoise, France), con-
taining 1.5 g/1 sodium bicarbonate, 4.5 g/1 glucose, 10 mM HEPES,
1 mM sodium pyruvate, 10% fetal bovine serum (FBS), 0.05 mM 2-
b-mercaptoethanol, 100 U/ml of penicillin, and 100 lg/ml of strepto-
mycin. Monocytes were diﬀerentiated into macrophages by addition
of 162 nM phorbol myristate acetate (PMA) (Sigma–Aldrich); after 3
days, FBS was substituted by 4% Ultroser G (Biosepra, Cergy-Pon-
toise, France), and the growth medium was changed every 2 days.
Following cell lysis (50 mM Tris–HCl buﬀer, pH 7.4, 1% NP-40,
0.25% sodium deoxycholate, 150 mMNaCl, and 1% Protease Inhibitor
Cocktail 100X Sigma–Aldrich) and centrifugation (14000 · g, 15 min,
4 C), protein concentration was determined using bicinchoninic acid
(BCA) Protein Assay Kit (Interchim, Montlucon, France).2.3. RT-PCR analysis
Total RNA was isolated using an RNeasy Mini Kit (Qiagen S.A.,
Courtaboeuf, France). Reverse transcription was performed on
500 ng of total RNA, using the SuperScript III Reverse Transcriptase
(Invitrogen). Primers were: 5 0-TCATACGATCTGGGCATGAA-30
(sense strand) and 5 0-AGGTTCTGGGCACTGAGAGA-30 (antisense
strand) for cathepsin S; 5 0-TTCTGCTGCTACCTGTGGTG-30 (sense
strand) and 5 0-CCAGGTGGTTCATAGCCACT-3 0 (antisense strand)
for cathepsin K; 5 0-ACAGTGGACCAAGTGGAAGG-3 0 (sense
strand) and 5 0-TGGGCTTACGGTTTTGAAAG-3 0 (antisense strand)
for cathepsin L; 5 0-GCCTGCAAGCTTCGATGCAC-30 (sense strand)
and 5 0-GCAATTCTGAGGCTCTGACC-3 0 (antisense strand) for
cathepsin H; 5 0-GCCTGCAAGCTTCGATGCAC-30 (sense strand)
and 5 0-CTATTGGAGACGCTGTAGGA-3 0 (antisense strand) for
cathepsin B; 5 0-CGTGCTGAATGAGGAACAGA-30 (sense strand)
and 5 0-TTGTCCAGAAGAGCCTGGAT-3 0 (antisense strand) for cat-
alase and 5 0-GGCGGCACCACCATGTACCCT-3 0 (sense strand) and
5 0-AGGGGCCGGACTCGTCATACT-30 (antisense strand) for b-ac-
tin. Standard PCR was carried out in a 50 ll reaction mixture contain-
ing 25 ng of reverse transcribed total RNA, 0.5 lMof each primers and
1 U of Taq DNA Polymerase (Invitrogen). Conditions were 95 C for
5 min, followed by 40 cycles consisting of 94 C for 45 s, 56 C for
30 s, 72 C for 45 s, and a ﬁnal elongation step (72 C, 5 min). The
ampliﬁcation products were identiﬁed by electrophoresis on a 1.5% aga-
rose gel containing ethidium bromide and scanned with a Gel DocTM
XR (Bio-Rad, Marnes-la Coquette, France).2.4. lmmunoblotting
Polyclonal anti-human cathepsins B, L, and H were supplied by
Fitzgerald (Concord, USA), while anti-human cathepsin S was from
Calbiochem. Anti-human cathepsin K was kindly provided by Dr.
Dieter Bromme [22]. Polyclonal anti-human catalase antibody was
provided by Calbiochem. The IgG-peroxidase conjugate was from Sig-
ma–Aldrich. Prestained molecular masses was from Bio-Rad. Samples
were subjected to a 12% SDS–PAGE gel under reducing conditions
prior immunoblotting [23].2.5. Extra cellular enzymatic activities
Aliquots of cell supernatants were collected every day. Proteolytic
assays were carried out at 37 C in 0.1 M sodium acetate buﬀer, pH
5.0, 2 mM DTT and 2 mM EDTA, using as substrate Z-Phe-Arg-AMC (50 lM; kex = 350 nm, kem = 460 nm). Extra cellular cysteine
cathepsins were titrated by E-64 [24]. Catalase activity was determined
by the Amplex Red Catalase Assay Kit (Invitrogen).2.6. Eﬀect of hydrogen peroxide
After diﬀerentiation, the growth medium was substituted by fresh
RPMI medium, supplemented by 4.5 g/1 glucose, 10 mM HEPES,
4% Ultroser G (day 5), in the absence of sodium pyruvate. At day 6,
H2O2 (0–200 lM) was added, and supernatants collected (0–24 h) for
measurement of cysteine cathepsins activity using Z-Phe-Arg-AMC
as substrate (50 lM). Cytotoxic eﬀects of H2O2 were examined using
the ‘‘Cell Titer 96 AQueous One Solution Cell Proliferation Assay’’
(Promega, Madison, WI, USA) (triplicate tests, with n = 2/well). Alter-
natively catalase inhibitors, i.e KCN (50lM)or 3-AT (20 mM) [5,25],
were preincubated for 30 min at 37 C, before addition of H2O2
(200 lM).3. Results and discussion
3.1. Secretion of active cysteine cathepsins by PMA-
diﬀerentiated THP-1 cells
In a previous study, Whatling et al. [26] conducted a real-
time polymerase chain reaction analysis with human primary
monocytes and macrophages and with myelomonocytic
THP-1 cells. They showed that changes in gene expression
was nearly identical, and thus advocated that THP-1 cells,
which have been widely used as models for oxidation studies,
reﬂect most of macrophage characteristics. Under our experi-
mental conditions, following addition of PMA (40.5 nM, day
0), THP-1 cells were diﬀerentiated at day 3. mRNA expres-
sions of b-actin (used as control) and cysteine cathepsins B,
H, K, L, and S were analyzed by PCR after reverse transcrip-
tion of total RNA isolated from cell lysates. mRNA expression
levels of cathepsins B, L, H and S remained stable from day 0
to day 8, suggesting that their transcription is not activated
during the diﬀerentiation of THP-1 cells. However it has been
reported that phorbol esters could modify the stability of some
cysteine cathepsins mRNA; hence such changes in stability
may represent a mode of post-transcriptional regulation for
cysteine cathepsins: accordingly the half-life of cathepsin B
mRNA is noticeably increased during diﬀerentiation of
HL60 cells into macrophages [27]. In contrast to cathepsins
B, L, H and S, mRNA expression level of cathepsin K in-
creased from day 0 to day 6 before declining (data not shown).
Despite it has been reported that transcription factors of the
ETS family as well as interferon gamma and interleukins-6
and -13 regulate the expression of cathepsin K in macrophages
[28], other factors, including NF-jB that possess a binding site
in the promoter, may be also involved (see for review [29]).
Western blot analysis indicated that secreted cysteine
cathepsins were detected only 72 h after the addition of
PMA (Fig. 1A). While mature cathepsins L and K were early
identiﬁed (day 3), both the single-chain and the two-chain
forms of cathepsin B were heavily stained at day 6. According
to the apparent steadiness of mRNA expression levels, the in-
creased secretion of cysteine cathepsins probably relies on an
altered intracellular traﬃcking and distribution of cysteine
cathepsins rather than a transcriptional induction during the
diﬀerentiation of THP-1 monocyte-derived macrophages [12].
Contrary to that observed with alveolar macrophages and acti-
vated smooth muscle cells [30,31], no secreted mature cathep-
sin S was detected by immunostaining. Analysis of the
overall endopeptidase activity of cathepsins was performed
Fig. 1. Secretion and enzymatic activity of cysteine cathepsins. (A) Following addition of PMA (162 nM), THP-1 cell-free supernatants were
collected (days 3–8) and subjected to a 12% SDS–PAGE gel under reducing conditions, prior immunoblot analysis as reported in Section 2. (B) The
proteolytic activity of cysteine cathepsins (grey) from cell supernatants was measured by monitoring of the ﬂuorescence release (kex = 350 nm,
kem = 460 nm), in the presence of Z-Phe-Arg-AMC (50 lM) (n = 6). Controls (black) were carried out in the presence of E-64 (100 lM).
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strate of cysteine cathepsins, which is preferentially cleaved
by cathepsins B and L. No CP activity was monitored in cell
supernatants before diﬀerentiation. However proteolytic activ-
ity was found in supernatants of diﬀerentiated THP-1 cells. It
maximal potency towards Z-Phe-Arg-AMC was reached at
day 6 and was totally impaired by E-64 (Fig. 1B). Of major
concern, THP-1 cells express a H+-ATPase on their plasma
membrane that is 3/4-fold up-regulated during monocyte dif-
ferentiation [32], and thus may favor the activity and stability
of extracellular cathepsins by reducing the pH of the pericellu-
lar environment, as demonstrated for monocyte-derived mac-
rophages (MDMs) [33]. After titration by E-64, an active site
concentration of 140 nM (2 · 106 cells/well) was found at
day 6. Eighty-ﬁve percent of the activity was inhibited by
CA-074, indicating that cathepsin B is the most abundant cys-
teine cathepsin secreted by diﬀerentiated THP-1 cells.Fig. 2. Eﬀect of hydrogen peroxide on cysteine cathepsins expression and ex
medium (day 6), mRNA expressions of cysteine cathepsins B, H, K, L, and S
The proteolytic activity of cysteine cathepsins was determined as reported in
(5 lM: grey, 50 lM: white, 200 lM: black). Proteolytic activities were express
as reference. Average values were represented as the means + S.E.M. Diﬀeren
signiﬁcant at P < 0.05 (n = 12).3.2. Eﬀect of hydrogen peroxide on secreted cysteine cathepsins
Trials were performed in a growth medium that was depleted
in sodium pyruvate, a potent peroxide scavenger [34], and con-
taining a serum substitute (Ultroser G) to get rid of most of
proteins, including circulating cathepsin inhibitors (cystatins,
kininogens) that are present in FBS. Deleterious eﬀects of
H2O2 (0–200lM, addition at day 6) on diﬀerentiated THP-1
cells were ﬁrst considered (Cell Titer 96 AQueous One Solu-
tion Cell Proliferation Assay, Promega) at various interval
times during 24 h (triplicate trials with n = 2/well). The cellular
viability of treated cells remained identical (97 ± 6%) com-
pared to controls in the absence of peroxide. Present results
conﬁrm that, under our experimental conditions, H2O2 had
no cytotoxic eﬀects on diﬀerentiated THP-1 cells [35], whereas
macrophages could go through apoptosis in the presence of
harsher amounts [4]. In addition, protein concentrations of cell
lysates and their supernatants (days 6 and 7) were not modiﬁedtra cellular activity. (A) Following addition of H2O2 (200 lM) to cell
were analyzed by RT-PCR (0 to 24 h). b-Actin was used as control. (B)
Fig. 1, in the presence of various concentrations of hydrogen peroxide
ed as normalized values (%), using CP activities in the absence of H2O2
ces were determined by ANOVA ‘‘one-way’’ test, and were considered
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observed for cathepsin K (Fig. 2A), mRNA expression levels
of cathepsins B, H, L, and S remained stable, suggesting that
200 lM H2O2 did not aﬀect dramatically the overall transcrip-
tional level of cathepsin genes. Surprisingly, apart from a weak
disparity at t = 15 min (n = 12; P 6 0.05), no signiﬁcant varia-
tion of enzymatic activity towards Z-Phe-Arg-AMC was ob-
served after addition of H2O2 (Fig. 2B), notwithstanding the
H2O2-dependent sensitivity of cysteine cathepsins to oxidation
[16]. Interestingly CPs, most probably secreted by macro-
phages, were found partly active in human inﬂammatory BAL-
Fs in spite of a deleterious oxidizing environment [20,23,36].
Taken together these apparently contrasting data, one could
hypothesize that a potent antioxidant system may take place
against damaging eﬀects of peroxidation on CP activities.
3.3. Extra cellular catalase activity of THP-1 cells
Similar extra cellular peroxidase activity (Fig. 3A) and
mRNA expression level of catalase (Fig. 3B) were found in
both monocytes and diﬀerentiated cells, bearing that THP-1
cells release catalase constitutively. However the faintness of
immunostaining supported also that the level of secreted cata-
lase remained markedly lower than its intracellular level (data
not shown). Addition of 200 lM H2O2 did not modify signif-
icantly both extra cellular catalase activity (Fig. 3C, ANOVA
‘‘one-way’’ test) and its transcriptional level (Fig. 3D), con-
versely to alveolar macrophages that secrete higher levels of
catalase in response to exogenous H2O2 [35]. Cell supernatants
were further preincubated in the presence of catalase inhibitors
[5,25], KCN and 3-amino-l,2,4-triazole (3-AT) prior to addi-
tion of H2O2 in order to check if THP-1 extra cellular catalase
activity may contribute to the protection of cysteine cathepsins
towards peroxidation. 3-AT had no inhibitory eﬀects on theFig. 3. Expression and secretion of catalase by diﬀerentiated THP-1 cells. (A)
Red Catalase Assay Kit (n = 6). (B) Analysis of mRNA expression of catalase
addition (black bars) or not (white bars) of 200 lM hydrogen peroxide (0
addition or not of hydrogen peroxide (control: b-actin).peptidase activity of puriﬁed cathepsins B, L and K used as
controls (Fig. 4A). Similarly under experimental concentra-
tions (0 lM) potassium cyanide did not inhibit cathepsins,
contrary to peptide-derived nitriles (see for review [11]).
Conversely CP activities of THP-1 supernatants were
strongly impaired by H2O2, in the presence of both KCN
(75%, P < 0.01), and of 3-AT (50%, P < 0.015), while no
signiﬁcant inactivation was observed in the lack of catalase
inhibitors (Fig. 4B). While catalase is primarily located in per-
oxisomes, data support that a constitutive, basal level of extra
cellular peroxidase activity of catalase may ensure a potent
protection to secreted cysteine cathepsins against exogenous
hydrogen peroxide, which are commonly found during inﬂam-
matory events and oxidative stress. Our ﬁndings also corrobo-
rate previous reports indicating that both freshly isolated
macrophages and granulocyte–macrophage colony-stimulat-
ing factor (GM-CSF)-induced monocyte-derived macrophages
used catalase-dependent pathways to consume H2O2 [35,37].
Most probably, this protective arsenal has to be reinforced
by other, but not identiﬁed so far, anti-oxidant systems dis-
playing complementary peroxidase activities.
In summary, the ability of extra cellular cathepsins to resist
to peroxidation was studied by using as model the monocyte–
macrophage THP-1 cell line. Under non-cytotoxic oxidative
conditions, H2O2 does not display noxious eﬀects on secreted
cathepsins. This defensive eﬀect is partly due to the peroxidase
activity of extra cellular catalase, since its inhibition prior addi-
tion of H2O2 led to a signiﬁcant reduction of CP activity.
Regardless of a disturbed antioxidant/oxidant balance, the
current report provides the ﬁrst evidence that catalase may di-
rectly participate to the preservation of extra cellular cathepsin
activities, which could be of biological relevance during inﬂam-
matory episodes.Catalase activity in cell supernatants was measured using the Amplex
by RT-PCR (control: b-actin). (C) Extra cellular catalase activity after
= day 6) (n = 6). (D) mRNA expression of catalase (RT-PCR) after
Fig. 4. Eﬀect of catalase inhibitors on residual extra cellular cysteine
cathepsins activity. (A) Human cathepsin B (2 nM) was incubated with
KCN (50 lM) (grey bar) or 3-AT (20 mM) (white bar) for 30 min at
37 C prior the residual enzymatic activity towards Z-Phe-Arg-AMC
was measured (black bar: control without catalase inhibitor). The same
procedure was repeated for cathepsins L (2 nM) and K (2 nM). Results
are means ± S.E.M. (B) Cell supernatants (day 6) were ﬁrst incubated
30 min at 37 C in the presence of KCN (50 lM) or 3-AT (20 mM),
followed by the addition of hydrogen peroxide (200 lM) for 30 min.
Alternatively controls were performed in the absence of catalase
inhibitors prior addition of H2O2. Residual proteolytic activities were
measured in the activity buﬀer using Z-Phe-Arg-AMC (50 lM) as
substrate. Average results were reported by means ± S.E.M. Diﬀer-
ences were determined by ANOVA ‘‘one-way’’ test, and were
considered signiﬁcant at P < 0.05 (n = 6).
V. Herve´-Gre´pinet et al. / FEBS Letters 582 (2008) 1307–1312 1311Acknowledgements: Both Emmanuel Godat and Florian Veillard were
supported by a doctoral grant from MENRT (Ministe´re de lEduca-
tion Nationale, de la Recherche et de la Technologie, France). We
are also grateful to Dr. Dieter Bro¨mme (University of British Colum-
bia, Vancouver, Canada) for his kind gift of human cathepsin K and of
anti-cathepsin K antibody.References
[1] Albina, J.E., Cui, S., Mateo, R.B. and Reichner, J.S. (1993) Nitric
oxide-mediated apoptosis in murine peritoneal macrophages. J.
Immunol. 150, 5080–5085.[2] Weissmann, N. et al. (2004) Measurement of exhaled hydrogen
peroxide from rabbit lungs. Biol. Chem. 385, 259–264.
[3] Kharitonov, S.A. and Barnes, P.J. (2001) Exhaled markers of
inﬂammation. Curr. Opin. Allergy Clin. Immunol. 1, 217–224.
[4] Forman, H.J. and Torres, M. (2002) Reactive oxygen species and
cell signaling: respiratory burst in macrophage signaling. Am. J.
Respir. Crit. Care Med. 166, S4–S8.
[5] Yoshioka, Y., Kitao, T., Kishino, T., Yamamuro, A. and Maeda,
S. (2006) Nitric oxide protects macrophages from hydrogen
peroxide-induced apoptosis by inducing the formation of catalase.
J. Immunol. 176, 4675–4681.
[6] Sibille, Y. and Reynolds, H.Y. (1990) Macrophages and poly-
morphonuclear neutrophils in lung defense and injury. Am. Rev.
Respir. Dis. 141, 471–501.
[7] Owen, C.A. (2005) Proteinases and oxidants as targets in the
treatment of chronic obstructive pulmonary disease. Proc. Am.
Thorac. Soc. 2, 373–385.
[8] Brix, K., Dunkhorst, A., Mayer, K. and Jordans, S. (2008)
Cysteine cathepsins: cellular roadmap to diﬀerent functions.
Biochimie 90, 194–207.
[9] Yasuda, Y., Kaleta, J. and Bromme, D. (2005) The role of
cathepsins in osteoporosis and arthritis: rationale for the design of
new therapeutics. Adv. Drug Deliv. Rev. 57, 973–993.
[10] Turk, B. (2006) Targeting proteases: successes, failures and future
prospects. Nat. Rev. Drug. Discov. 5, 785–799.
[11] Lecaille, F., Kaleta, J. and Bromme, D. (2002) Human and
parasitic papain-like cysteine proteases: their role in physiology
and pathology and recent developments in inhibitor design.
Chem. Rev. 102, 4459–4488.
[12] Vasiljeva, O., Reinheckel, T., Peters, C., Turk, D., Turk, V. and
Turk, B. (2007) Emerging roles of cysteine cathepsins in disease and
their potential as drug targets. Curr. Pharm. Des. 13, 385–401.
[13] Ascenzi, P., Salvati, L., Bolognesi, M., Colasanti, M., Polticelli, F.
and Venturini, G. (2001) Inhibition of cysteine protease activity
by NO-donors. Curr. Protein Pept. Sci. 2, 137–153.
[14] Lockwood, T.D. (2004) Cys-His proteases are among the wired
proteins of the cell. Arch. Biochem. Biophys. 432, 12–24.
[15] Giles, N.M., Watts, A.B., Giles, G.I., Fry, F.H., Littlechild, J.A.
and Jacob, C. (2003) Metal and redox modulation of cysteine
protein function. Chem. Biol. 10, 677–693.
[16] Godat, E., Herve´-Gre´pinet, V., Veillard, F., Lecaille, F., Belghazi,
M., Bro¨mme, D. and Lalmanach, G. (in press). Regulation of
cathepsin K activity by hydrogen peroxide. Biol. Chem.
[17] Borutaite, V. and Brown, G.C. (2001) Caspases are reversibly
inactivated by hydrogen peroxide. FEBS Lett. 500, 114–118.
[18] Vaananen, A.J., Kankuri, E. and Rauhala, P. (2005) Nitric oxide-
related species-induced protein oxidation: reversible, irreversible,
and protective eﬀects on enzyme function of papain. Free Radic.
Biol. Med. 38, 1102–1111.
[19] Veillard, F., Lecaille, F. and Lalmanach, G. (in press) Lung
cysteine cathepsins: intruders or unorthodox contributors to the
kallikrein-kinin system? Int. J. Biochem. Cell Biol.
[20] Lalmanach, G., Diot, E., Godat, E., Lecaille, F. and Herve´-
Gre´pinet, V. (2006) Cysteine cathepsins and caspases in silicosis.
Biol. Chem. 387, 863–870.
[21] Vaananen, A.J., Salmenpera, P., Hukkanen, M., Rauhala, P. and
Kankuri, E. (2006) Cathepsin B is a diﬀerentiation-resistant target
for nitroxyl (HNO) in THP-1 monocyte/macrophages. Free
Radic. Biol. Med. 41, 120–131.
[22] Yasuda, Y., Li, Z., Greenbaum, D., Bogyo, M., Weber, E. and
Bromme, D. (2004) Cathepsin v, a novel and potent elastolytic
activity expressed in activated macrophages. J. Biol. Chem. 279,
36761–36770.
[23] Perdereau, C., Godat, E., Maurel, M.C., Hazouard, E., Diot, E.
and Lalmanach, G. (2006) Cysteine cathepsins in human silicotic
bronchoalveolar lavage ﬂuids. Biochim. Biophys. Acta 1762, 351–
356.
[24] Barrett, A.J., Kembhavi, A.A., Brown, M.A., Kirschke, H.,
Knight, C.G., Tamai, M. and Hanada, K. (1982) L-trans-
Epoxysuccinyl-leucylamido(4-guanidino)butane (E-64) and its
analogues as inhibitors of cysteine proteinases including cathep-
sins B, H and L. Biochem. J. 201, 189–198.
[25] Eckelt, V.H., Liebau, E., Walter, R.D. and Henkle-Duhrsen, K.
(1998) Primary sequence and activity analyses of a catalase from
Ascaris suum. Mol. Biochem. Parasitol. 95, 203–214.
1312 V. Herve´-Gre´pinet et al. / FEBS Letters 582 (2008) 1307–1312[26] Whatling, C., Bjork, H., Gredmark, S., Hamsten, A. and
Eriksson, P. (2004) Eﬀect of macrophage diﬀerentiation and
exposure to mildly oxidized LDL on the proteolytic repertoire of
THP-1 monocytes. J. Lipid Res. 45, 1768–1776.
[27] Berquin, I.M., Yan, S., Katiyar, K., Sloane, B.F. and Troen, B.R.
(1999) Diﬀerentiating agents regulate cathepsin B gene expression
in HL-60 cells. J. Leukoc. Biol. 66, 609–616.
[28] Matsumoto, M., Kogawa, M., Wada, S., Takayanagi, H.,
Tsujimoto, M., Katayama, S., Hisatake, K. and Nogi, Y. (2004)
Essential role of p38 mitogen-activated protein kinase in
cathepsin K gene expression during osteoclastogenesis through
association of NFATcl and PU.l. J. Biol. Chem. 279, 45969–
45979.
[29] Lecaille, F., Bro¨mme, D. and Lalmanach, G. (2008) Biochemical
properties and regulation of cathepsin K activity. Biochimie 90,
208–226.
[30] Reddy, V.Y., Zhang, Q.Y. and Weiss, S.J. (1995) Pericellular
mobilization of the tissue-destructive cysteine proteinases, cathep-
sins B, L, and S, by human monocyte-derived macrophages. Proc.
Natl. Acad. Sci. USA 92, 3849–3853.
[31] Sukhova, G.K., Shi, G.P., Simon, D.I., Chapman, H.A. and
Libby, P. (1998) Expression of the elastolytic cathepsins S and K
in human atheroma and regulation of their production in smooth
muscle cells. J. Clin. Invest. 102, 576–583.[32] Lee, B.S., Krits, I., Crane-Zelkovic, M.K. and Gluck, S.L. (1997)
A novel transcription factor regulates expression of the vacuolar
H+-ATPase B2 subunit through AP-2 sites during monocytic
diﬀerentiation. J. Biol. Chem. 272, 171–181.
[33] Punturieri, A., Filippov, S., Allen, E., Caras, I., Murray, R.,
Reddy, V. and Weiss, S.J. (2000) Regulation of elastinolytic
cysteine proteinase activity in normal and cathepsin K-deﬁcient
human macrophages. J. Exp. Med. 192, 789–799.
[34] Salahudeen, A.K., Clark, E.C. and Nath, K.A. (1991) Hydrogen
peroxide-induced renal injury. A protective role for pyruvate
in vitro and in vivo. J. Clin. Invest. 88, 1886–1893.
[35] Komuro, I., Keicho, N., Iwamoto, A. and Akagawa, K.S. (2001)
Human alveolar macrophages and granulocyte–macrophage col-
ony-stimulating factor-induced monocyte-derived macrophages
are resistant to H2O2 via their high basal and inducible levels of
catalase activity. J. Biol. Chem. 276, 24360–24364.
[36] Serveau-Avesque, C., Martino, M.F., Herve-Grepinet, V., Hazou-
ard, E., Gauthier, F., Diot, E. and Lalmanach, G. (2006) Active
cathepsins B, H, K, L and S in human inﬂammatory broncho-
alveolar lavage ﬂuids. Biol. Cell 98, 15–22.
[37] Pietarinen, P., Raivio, K., Devlin, R.B., Crapo, J.D., Chang, L.Y.
and Kinnula, V.L. (1995) Catalase and glutathione reductase
protection of human alveolar macrophages during oxidant
exposure in vitro. Am. J. Respir. Cell Mol. Biol. 13, 434–441.
